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TFIID, composed of the TATA box binding protein (TBP) and 13 TBP-associated factors (TAFs), plays a role in nucleating the assembly
of the RNA polymerase II preinitiation complexes on protein coding genes. TAF10 (formerly TAFII30) is shared between TFIID and other
transcription regulatory complexes (i.e. SAGA, TFTC, STAGA and PCAF/GCN5). TAF10 is an essential transcription factor during very
early stages of mouse embryo development. To study the in vivo function of TAF10 in cellular differentiation and proliferation at later stages,
the role of TAF10 was analysed in keratinocytes during skin development and adult epidermal homeostasis. We demonstrate that ablation of
TAF10 in keratinocytes of the forming epidermis affects the expression of some, but not all genes, impairs keratinocyte terminal
differentiation and alters skin permeability barrier functions. In contrast, loss of TAF10 in keratinocytes of adult epidermis did not (i) modify
the expression of tested genes, (ii) affect epidermal homeostasis and (iii) impair acute response to UV irradiation or skin regeneration after
wounding. Thus, this study demonstrates for the first time a differential in vivo requirement for a mammalian TAF for the regulation of gene
expression depending on the cellular environment and developmental stage of the cell.
D 2005 Elsevier Inc. All rights reserved.Keywords: RNA polymerase II; Gene regulation; TFIID; TFTC; Preinitiation complex; Skin barrier; Skin homeostasis; Epidermis; Keratinocytes; Conditional
somatic mutagenesis; Mouse knock out; Transglutaminase 1; Kruppel-like factor 4; Claudin-1Introduction
Initiation of transcription at eukaryotic class II pro-
moters is a multistep process requiring the coordinated
action of RNA polymerase II and a host of other factors
including the general transcription factors TFIIA, -B, -D,
-E, -F and -H, which form the pre-initiation complex (PIC),
and allow subsequent transcription. Multiple TFIID com-0012-1606/$ - see front matter D 2005 Elsevier Inc. All rights reserved.
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1 Equally contributed to this work.plexes composed of the TATA box binding protein (TBP)
and 13 evolutionarily conserved TBP associated factors
(TAFs) were described (Bell and Tora, 1999; Pugh, 2000;
Tora, 2002). TAFs may function as coactivators by
participating in direct interactions with transactivators, as
promoter recognition factors (Albright and Tjian, 2000).
TAFs have been shown to regulate cell cycle progression
and apoptosis (Bell et al., 2001; Green, 2000). TAF1, a
TFIID specific TAF, harbours histone acetyltransferase
(HAT) and kinase domains, both of which are thought to
modify the chromatin during the transcription activation
process (Maile et al., 2004; Mizzen et al., 1996). HeLa cells
contain at least two subpopulations of TFIID, either con-
taining or lacking TAF10 (Jacq et al., 1994) (formerly
hTAFII30; Tora, 2002). TAF10 is also present in various285 (2005) 28 – 37
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yeast SAGA, and human TFTC, STAGA, PCAF/GCN5)
(Martinez, 2002; Wieczorek et al., 1998). Several studies
have shown that yeast SAGA and human TFTC-like com-
plexes contain a different HAT subunit than TFIID (Gcn5),
and are recruited to chromatin templates by activators, to
acetylate histones and thus regulate transcription (Bhaumik
and Green, 2002; Brown et al., 2001; Larschan and
Winston, 2001; Paulson et al., 2002; Yanagisawa et al.,
2002). Studies in yeast, C. elegans and murine F9
embryonic carcinoma cells revealed TAF10 requirements
for the transcription of only a subset of genes (Kirschner
et al., 2002; Metzger et al., 1999; Walker et al., 2001).
Moreover, by generating a functional TAF10 null mutation
in the mouse, we have shown that TAF10 is required for
early embryonic development and survival of the pluripo-
tent inner cell mass, but not for the viability of trophoblast
cells (Mohan et al., 2003).
The skin is a complex tissue that undergoes well-
coordinated cellular proliferation and differentiation events.
It is composed of the epidermis and its appendages (e.g.
hair follicles), which are separated from the dermis by a
basement membrane (Fuchs, 1995; Niemann and Watt,
2002). The epidermis consists of a single basal layer of
proliferating keratinocytes, that differentiate first into
spinous and granular suprabasal keratinocytes, and finally
into flattened enucleated densely packed corneocytes,
which provide vital physical and permeability barriers
(Kalinin et al., 2001; Niemann and Watt, 2002; Roop,
1995). Epidermal morphogenesis begins from a single
layered ectoderm at E8.5, followed by stratification at E9.5
and differentiation at E15.5, and ends with barrier
acquisition at E18.5 (Byrne et al., 2003; Hardman et al.,
1998). Epidermal homeostasis relies on a tightly regulated
balance between keratinocyte proliferation and differentia-
tion, whose alteration leads to various skin diseases
(Alonso and Fuchs, 2003; Owens and Watt, 2003; Watt,
2002). To survive the transition from an aqueous in utero to
an external environment, mice and humans must construct
an epidermal permeability barrier in utero. Recent data
show that various proteins, including the kruppel-like
transcription factor 4 (Klf4), the cornified envelope cross-
linking enzyme Transglutaminase 1 (TGase1) and the tight
junction protein Claudin-1, play an important role in the
establishment of epidermal barrier functions (Segre, 2003
and refs. therein).
Here, we show that mice lacking TAF10 selectively in
keratinocytes of the forming foetal epidermis have a severe
skin barrier dysfunction. In contrast, ablation of TAF10 in
epidermal keratinocytes of adult mice does not impair
epidermal homeostasis, UV induced keratinocyte prolifer-
ation and apoptosis or skin regeneration after wounding.
Thus, TAF10 plays a crucial role in the regulation of
keratinocytic genes that are involved in the establishment of
skin barrier during foetal development, but is dispensable in
adult keratinocytes.Materials and methods
Mice
TAF10L2/L2 (previously, TAF10L:L/L:L) mice, K14-Cre
and K14-Cre-ERT2 transgenic mice were described (Indra
et al., 2000; Li et al., 2001; Mohan et al., 2003). Animals
were handled according to institutional guidelines and
policies.
Tamoxifen administration
0.1 mg of Tamoxifen (Tam) dissolved in sunflower oil, or
vehicle, was daily injected to 6–8 week old mice for 5 days
(Metzger et al., 2004).
Genotyping of TAF10 alleles in skin
Tail epidermis was separated from dermis as described
(Li et al., 2001). TAF10 alleles were identified by Southern
blotting on genomic DNA using a 5V genomic probe (Mohan
et al., 2003).
Keratinocyte culture
Keratinocytes from neonatal mouse skin were cultured as
described (Roper et al., 2001).
Immunochemistry
Cultured keratinocytes were fixed, permeabilised and
immunoreacted with the anti-TAF10 monoclonal antibody
2B11 and with an anti-K14 polyclonal antibody as described
(Li et al., 2001; Mohan et al., 2003). Immunohistochemistry
was performed on 10 Am skin cryosections using polyclonal
antibodies raised against Ki-67, K14, K10, fillagrin, loricrin
and K6, as described (Li et al., 2001). Nuclei were
counterstained with DAPI. For Western blot analysis, the
epidermis and dermis of dorsal skin biopsies were separated
and homogenised in modified RIPA buffer (Gordon, 1991)
with an Ultrathurax. Protein homogenates were boiled in
SDS sample buffer and separated by SDS-PAGE. Proteins
were transferred to nitro-cellulose membranes, incubated
with antibodies against TAF10 and Actin (Mohan et al.,
2003) and revealed with horseradish peroxidase coupled
goat anti-mouse antibody, using the ECL kit following the
manufacturer’s instructions (Amersham).
Measurement of transepidermal water loss (TEWL)
TEWL from neonate’s dorsal and ventral skin was
determined with a Courage and Kazaka Tewameter
TM210, as described (Barel and Clarys, 1995). Mean
values of six measurements from each animal were
determined. Data are expressed in g/hm2, as means T
SEM from 4 animals. Statistical significance of the data was
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program.
Skin permeability assay
The X-Gal permeability assay was performed as
described (Hardman et al., 1998). 1 h neonates were rinsed
in PBS and immersed in an X-Gal staining solution (pH
4.5), at 37-C for 8 h. Following incubation, they were
washed in PBS (1–2 min) and photographed.
Histological analysis
Skin biopsies were matched for age, sex and body sites.
For 5 Am paraffin sections, skin samples were fixed in 4%
paraformaldehyde/1 PBS for 12 h at 4-C, embedded in
paraffin and stained with haematoxylin and eosin. Skin
biopsies for 2 Am semi-thin sections and for transmission
electron microscopy were processed as described (Li et al.,
2001; Segre et al., 1999).
RT-PCR
Total RNA was isolated from neonatal or adult skin
with Trizol reagent according to the manufacturer’s
instructions (Life Technologies). cDNA was synthesised
from 5 Ag RNA using Superscripti II kit (Invitrogen)
and random primers. 2 Al of the first strand cDNA
reaction was amplified using a Roche light cycler and the
Cyber Green (Qiagen) kit. HPRT was used as an internal
control. The sequence of the primers are as follows.
TGase1, sense (S): 5V-AACGACTGCTGGATGAAGAG-3V
and antisense (As): 5V-CTGCCAGTATACCTTATCGCT-3V;
TGase3,(S): 5V-TACACACTGAGTGTTGAGATC-3V and
(As): 5V-AGAGGCTGATGTTCAGAATGT-3V; Klf4, (S):
5V-CATTATCAAGAGCTCATGCCA-3V and (As): 5V-
GTCACAGTGGTAAGGTTTCTC-3V; Claudin-1, (S): 5V-
GTGGAAGATTTACTCCTATGC-3V and (As): 5V-CAG-
GATGCCAATTACCATCAA-3V; and HPRT, (S): 5V-
GTAATGATCAGTCAACGGGGGAC-3V and (As): 5V-
CCAGCAAGCTTGCAACCTTAACCA-3V.Results
Generation of mice lacking TAF10 in foetal epidermal
keratinocytes
To determine TAF10 function in different cellular
environments, we established mice in which TAF10 was
selectively ablated in keratinocytes of either foetal or adult
epidermis. To this end, we first generated mice in which
TAF10 exon 2 was flanked by loxP sites (hereafter L2;
Fig. 1A and Mohan et al., 2003). Mice heterozygous or
homozygous for the TAF10 L2 allele were indistinguishable
from wild type (WT) littermates (data not shown). To ablateTAF10 in foetal epidermis, TAF10L2/L2 mice were bred with
K14-Cretg/0 mice (Li et al., 2001), which express the Cre
recombinase in keratinocytes of the forming epidermis, to
generate K14-Cretg/0/TAF10L2/L2 foetuses. Deletion of
TAF10 exon 2 introduces a frame shift followed by a
premature termination codon, thus producing a TAF10 null
allele (L allele; Fig. 1A and Mohan et al., 2003). Southern
blot analysis in K14-Cretg/0/TAF10L2/L2 neonatal skin
revealed only TAF10 L alleles in the epidermis, and only
TAF10 L2 alleles in the dermis (Fig. 1B). Moreover, no
TAF10 protein was detected by immunocytochemistry
in cultured primary keratinocytes from K14-Cretg/0/
TAF10L2/L2 neonates (hereafter TAF10ep/(c)), whereas it
was readily detected in those from Ct mice (Fig. 1C). Note
that cytokeratin 14 (K14), a marker of the epidermal
proliferating basal cells, was similarly expressed in control
(Ct) and TAF10ep/(c) keratinocytes (Fig. 1C). Taken
altogether, these results demonstrate efficient TAF10 ablation
in keratinocytes during foetal epidermal histogenesis.
Neonates lacking TAF10 in epidermal keratinocytes exhibit
skin barrier defects
TAF10ep/(c) mutant mice were born at the expected
Mendelian ratio (data not shown), but their skin was more
shiny and sticky than that of TAF10L2/L2 control littermates
(Fig. 1D and data not shown). When neonates were
separated from their mother, the skin from TAF10ep/(c)
mutants, but not from Ct littermates, became dry, and
mutants died within 3–4 h, in contrast to Ct littermates that
survived for more than 24 h (data not shown). Whole mount
permeability assay (Hardman et al., 1998) revealed exten-
sive penetration of the X-Gal dye in newborn mutants, in
contrast to Ct animals (Fig. 1E), suggesting that ablation of
TAF10 in keratinocytes of the forming epidermis impaired
the skin barrier function. After cesarean delivery at E18.5,
TAF10ep/(c) foetuses lost 7% body weight within 4 h,
whereas control foetuses maintained their body weight
(Supplementary Fig. 1A). In agreement with these results,
TAF10ep/(c) mutant foetuses exhibited a 15-fold higher
transepidermal water loss (TEWL) than controls (Fig. 1F).
These results showed that TAF10ep/(c) mutants have a
skin barrier dysfunction.
Ablation of TAF10 in foetal epidermal keratinocytes impairs
their terminal differentiation
Histological analysis of newborn skin biopsies did not
reveal any difference between Ct and TAF10ep/(c) mutant
basal and spinous cell layers. Moreover, light microscopy
did not reveal any difference between Ct and mutant
granular cells (Figs. 2A and B and data not shown), and
similar number of desmosomes, keratohyaline granules and
keratin filaments were seen by transmission electron micro-
scopy in the granular cells of control and mutant epidermis
(data not shown). In Ct epidermis, lipid disks packed in
Fig. 1. The skin barrier function is altered in newborn TAF10ep/(c) mice. (A) Schematic representation of the TAF10 wild type (+), floxed (L2) and excised
(L) alleles. Exons (1–5) are indicated by black boxes and loxP sites by black flags. The size of SacI restricted genomic DNA segments is indicated in
kilobases (kb) S, SacI. (B) Southern blot analysis of dermal (D) and epidermal (E) genomic DNA isolated from neonatal TAF10ep/(c) skin. DNA segments
corresponding to TAF10 L2 and L alleles generated by SacI digestion are indicated. The sizes of molecular weight markers are indicated in kilobase (kb). (C)
Immunocytochemical analyses of TAF10 expression in primary cultured keratinocytes from control (Ct) and TAF10ep/(c) neonates. The red, green and blue
colours correspond to the anti-TAF10 immunoreaction, anti-K14 antibodies, and DAPI DNA staining, respectively. Scale bar: 1.6 Am. (D) Gross morphology
and (E) X-Gal dye diffusion assay of TAF10L2/L2 (Ct) and TAF10ep/(c) neonates. (F) Transepidermal water loss (TEWL) of Ct and TAF10ep/(c) pups 1 h
after birth. ***P < 0.001.
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Downing, 1982) were extruded at the interface of the
granular and cornified cell layer, and formed regularly
aligned lipid lamellae (LL) (Fig. 2C, panel c), and multi-
lamellar structures that contain corneodesmosomes (CD)
gave a pattern of lucent and dense bands between adjacent
corneocytes (Fig. 2C, panel e). Interestingly, ¨80% of the
LGs in mutants did not contain lipid disks (Fig. 2C, panel b
and data not shown), and no multilamellar structures were
observed between granular cells and corneocytes; onlyvesicles were located in the intercellular spaces (Fig. 2C,
panel d and data not shown). Finally, the skin surface
appeared more flat in mutants, and the cornified cell layers
(C) were always reduced or absent in ¨70% of the skin
surface (Figs. 2A and B and data not shown). In the
remaining cornified layers, lipid lamellae were either not
formed or highly variable in thickness, and contained 10-
fold less corneodesmosomes than Ct mice (Fig. 2C, panel f
and data not shown). Thus, ablation of TAF10 in foetal
keratinocytes induced serious defects in the granular cells
Fig. 2. Ablation of TAF10 in foetal keratinocytes alters epidermal terminal differentiation. Histological analyses of (A) haematoxylin–eosin (HE) stained 7 Am
thick paraffin sections and (B) toludine blue stained 2 Am thick ventral skin semi-thin sections from Ct and TAF10ep/(c) neonates. Cornified (C), granular
(G), spinous (S), and basal (B) layers, and dermis (D) are indicated. (C) Transmission electron microscopy of dorsal skin from TAF10L2/L2 (Ct) (panels a, c, e)
and TAF10ep/(c) (panels b, d, f) neonates. (a, b) Lamellar granules (LG) in granular cell (G). (c, d) Junction between granular (G) and cornified (C) layers.
White arrowheads in panel (c) and white arrows in panel (d) point to aligned extracellular lipid discs of a LG at the intercellular space between granular and
cornified layer, and vesicles at the interface of G and C, respectively. (e, f) Consecutive C1, C2 and C3 cornified cell layers. Black arrow heads in panel (e) and
white arrowheads in panel (f) point to lipid lamellae (LL). White arrows in panel (e) point towards corneodesmosomes (CD). (D) Immunohistochemical
staining of dorsal skin biopsies from Ct and TAF10ep/(c) neonates with antibodies directed against K14, K10, Fillagrin, Loricrin and K6. Epidermis (E) and
dermis (D) are indicated. White arrowheads indicate abnormal K6 expression in TAF10ep/(c) interfollicular epidermis. (E) Quantitative RT-PCR analyses of
transglutaminase (TGase)1, TGase3, kruppel-like factor 4 (Klf4) and Claudin-1 expression on skin biopsies from control (Ct) and TAF10ep/(c) neonates.
Values represent relative RNA levels after normalization with hypoxanthine-guanine phosphoribosyltransferase (HPRT) transcripts and can also be compared
to results obtained in Fig. 4C. *P < 0.05, **P < 0.01, ***P < 0.001 and #P > 0.5. Scale bars: A, 33 Am; B, 16 Am; C (a, b), 0.1 Am; (c, d, e, f), 0.5 Am; D,
50 Am.
A.K. Indra et al. / Developmental Biology 285 (2005) 28–3732and cornified cell layers, which impaired skin barrier
functions.
Keratinocytic TAF10 is required for the proper expression of
a subset of genes, including genes involved in the
establishment of skin barrier during foetal skin
morphogenesis
Immunohistochemical analyses revealed that cytokeratin
14 (K14) was similarly expressed in epidermal basal cells of
Ct and mutant neonates (Fig. 2D). The expression patterns
of early (keratin 10, K10) and late (loricrin and fillagrin)
epidermal terminal differentiation markers were also similarin Ct and TAF10ep/(c) skin, even though their expression
levels might be slightly reduced in the mutants (Fig. 2D). In
contrast, the expression of keratin 6 (K6), which was
restricted to the outer root sheath of the hair follicle in Ct
mice, was expressed throughout the interfollicular epidermis
of mutant skin (Fig. 2D). Quantitative RT-PCR analyses of
TGase1, Klf4, and Claudin-1 transcripts revealed that their
levels were 4- to 5-fold lower in mutant than Ct neonatal
skin, whereas those of transglutaminase 3 (TGase3) (Candi
et al., 1999) were similar (Fig. 2E). Thus, TAF10 is
controlling (directly or indirectly) the expression of a subset
of keratinocytic genes, some which are involved in foetal
epidermal differentiation and establishment of skin barrier.
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epidermal keratinocytes of adult mice
To investigate whether TAF10 is involved in adult skin
homeostasis, we ablated TAF10 in adult epidermal keratino-
cytes using K14-Cre-ERT2(tg/0) transgenic mice expressing
the Tamoxifen (Tam)-inducible Cre-ERT2 recombinase in the
basal layer of the epidermis (Indra et al., 2000; Li et al., 2000).
6–8 weeks old K14-Cre-ERT2(tg/0)/TAF10L2/L2 animals,
obtained by intercrossing K14-Cre-ERT2(tg/0) mice with
TAF10L2/L2 mice, were Tam treated. Southern blot analyses
on skin biopsies isolated 2 weeks after the first Tam
administration showed efficient conversion of the TAF10
L2 alleles into L alleles in the epidermis (Fig. 3A). TAF10
L2 alleles were efficiently ablated in epidermal keratinocytes
for more than 1 year after Tam administration (data not
shown), whereas no TAF10 exon 2 deletion was detected in
vehicle treated K14-Cre-ERT2(tg/0)/TAF10L2/L2 animals at
any time (Fig. 3A and data not shown). Western blottingFig. 3. Ablation of TAF10 in keratinocytes of adult mice does not impair skin ba
genomic DNA isolated from K14-Cre-ERT2 (tg/0)/TAF10L2/L2 adult skin before (
corresponding to TAF10 L2 and L alleles, generated by SacI digestion, are indic
(B) Western blot analysis of TAF10 protein in epidermal and dermal protein extract
extracts (lane 5) were used as a positive control. (C and D) TEWL of dorsal and ven
weeks after Tamoxifen administration. #P > 0.2.performed on skin biopsies from 10 week old Ct mice
showed the presence of TAF10 protein both in the epidermis
and dermis, while 2 weeks after the first Tam administration,
TAF10 protein was detected in the mutant dermis, but not in
epidermis isolated from K14-Cre-ERT2(tg/0)/TAF10L2/L2
mice, called hereafter TAF10ep/(i) (Fig. 3B).
TAF10 is dispensable for epidermal keratinocyte
proliferation and differentiation in adult mice
2–3 weeks after Tam administration, male and female
TAF10ep/(i) mice had a similar TEWL as control
littermates (Figs. 3C and D). Moreover, histological analysis
of skin biopsies taken 3, 12 and 52 weeks after Tam
administration did not reveal any morphological difference
between Ct and TAF10ep/(i) mice (Figs. 4A and B and
data not shown). The number and structure of desmosomes,
keratin filaments, keratohyaline granules and LGs in the
granular layer and lipid lamellae containing CDs in therrier function. (A) Southern blot analysis of dermal (D) and epidermal (E)
) and 2 weeks after (+) Tamoxifen (Tam) administration. DNA segments
ated. The sizes of molecular weight markers are indicated in kilobase (kb).
s from Ct and TAF10ep/(i) mice, 3 weeks after Tam administration. F9 cell
tral skin measured in Ct and TAF10ep/(i) male (C) and female (D) mice, 3
Fig. 4. TAF10 is dispensable for adult keratinocyte proliferation and differentiation (A) HE stained 7 Am thick paraffin sections of ventral skin taken from Ct
and TAF10ep/(i) male mice 3 weeks after the first Tam administration. E, epidermis; D, dermis. (B) Transmission electron microscopic analyses of dorsal skin
granular (G) and cornified (C) cell layers from Ct and TAF10ep/(i) male mice, 3 weeks after the first Tam administration. White arrows and yellow
arrowheads point towards desmosomes (D) and corneodesmosomes (CD), respectively. (C) Quantitative RT-PCR analyses of TGase1, TGase3, Klf4 and
Claudin-1 on RNA prepared from control (Ct) and TAF10ep/(i) male mice dorsal skin biopsies, taken 3 weeks after Tam administration. Values represent
relative transcript level after normalization hypoxanthine–guanine phosphoribosyltransferase (HPRT) transcripts and can also be compared to results obtained
in Fig. 2E. #P > 0.5. (D) Immunohistochemical staining of dorsal skin biopsies taken 3 weeks after first Tam administration from 11 weeks old Ct and
TAF10ep/(i) male mice, with antibodies directed against K14, K10, Fillagrin, Loricrin and K6. Arrowheads point to hair follicules (hf). Scale bars: A, 33 Am;
B, 1 Am; D, 25 Am. E, epidermis and D, dermis in (A and D).
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and data not shown). Moreover, about 6–7% of basal cells
in the dorsal skin of Ct and mutant mice were positive for
Ki-67 (an antigen expressed in proliferating cells) (data not
shown, see also Supplementary Fig. 2B). Furthermore, the
expression patterns of K6, K10, K14, loricrin and fillagrin
were indistinguishable between Ct and TAF10ep/(i)
epidermis (Fig. 4D), and TGase1, TGase3, Klf4 and
Claudin-1 RNA levels were similar in skin biopsies of
TAF10ep/(i) and Ct mice (Fig. 4C). Note that TGase1,
TGase3, Klf4 and Claudin-1 transcript levels were 10–100-
fold lower in adult than in neonatal Ct or wild-type mouse
skin (compare Figs. 2E and 4C and data not shown).
As TAF10-containing TFTC complexes recognise and
bind UV-damaged DNA in vitro (Brand et al., 2001), we
analysed the effect of acute UV irradiation to the skin of
TAF10ep/(i) mice. Before UV light exposure, the apopto-
sis rate, determined by Tunel assay, was very low inkeratinocytes of both Ct and TAF10ep/(i) mutant mice,
and 24 h after UV treatment, a high number of apoptotic
keratinocytes were observed in Ct and mutant epidermis,
which returned in both cases to basal levels within 72 h
(data not shown). Moreover, in Ct and mutant mice, similar
epidermal hyperproliferation was observed 48 h after UV
exposure, reaching a peak at 72 h (Supplementary Fig. 2 and
data not shown). Thus, TAF10 is not involved in UV-
induced keratinocyte proliferation and apoptosis of adult
mice.
Finally, to test whether keratinocytic TAF10 plays a role
in adult mouse wound healing, a situation in which skin has
to regenerate rapidly the missing epidermis, full thickness
skin biopsies were taken from TAF10ep/(i) and Ct mice.
The wound surface, measured every second day, was
similar in Ct and mutant mice, and full closure was
observed after 2 weeks in both Ct and mutant mice (data
not shown).
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TAF10 is dispensable for keratinocyte proliferation and
differentiation of homeostatic, UV-exposed and regenerat-
ing adult skin.Discussion
We show here that ablation of TAF10 in keratinocytes of
foetal epidermis impaired keratinocyte terminal differentia-
tion. Although, TAF10ep/(c) and control (Ct) proliferating
basal, and differentiating suprabasal spinous and granular
cells were similar under light microscopy, ultrastructural
analyses revealed selective defects in the lamellar granules
(LG). Indeed, in mutant epidermis, most of the LGs were
empty and no multilamellar structures were present between
granular cells and corneocytes. These defects might be
caused by altered expression of gene product(s) involved in
the packaging of the LGs. Moreover, the number of
corneodesmosomes, which physically holds corneocytes
together, was strikingly reduced. This decrease in corneo-
desmosome density might result from an impaired transfer
of proteins from the LGs to the desmosomes. Furthermore,
crosslinking of the stratum corneum envelope proteins
might be impaired in the mutant cornified layers as
Transglutaminase 1 transcript levels were strongly reduced.
Interestingly, Transglutaminase 1 knock-out neonates
(a murine model for human lamellar icthyosis; Kuramoto
et al., 2002; Matsuki et al., 1998) also exhibit defects in
lamellar granules and lipid lamellar structures, and die due
to impaired barrier function (Kuramoto et al., 2002; Matsuki
et al., 1998). Moreover, transcript levels of Klf4 and
Claudin-1, which play an important role in epidermal
permeability barrier functions (Segre, 2003), were also
strongly down regulated in TAF10ep/(c) neonatal skin.
Thus, TAF10 might control key foetal keratinocyte func-
tions by regulating TGase1, Klf4 and Claudin-1 expression.
Altogether, these results demonstrate that TAF10 is essential
for establishing the skin permeability barrier before birth.
TAF10 is clearly required for the correct transcription of a
subset of genes during epidermal histogenesis; other factors
or transcription complexes cannot compensate the loss of
TAF10 during those processes.
Surprisingly, even though TAF10 is also expressed in
epidermal keratinocytes of adult mice, ablation of TAF10 in
adult epidermal keratinocytes did not alter basal keratino-
cyte proliferation and terminal differentiation. Mutant
TAF10ep/(i) and Ct mice similarly expressed all tested
genes (e.g. TGase1, TGase3, Klf4, Claudin-1, K6, K10,
K14, fillagrin and loricrin), and exhibited indistinguishable
skin permeability barrier function. Moreover, acute expo-
sure to UVB irradiation similarly induced keratinocyte
apoptosis and proliferation in Ct and mutant skin. Further-
more, after skin wounding, Ct and mutant epidermis
regenerated the epidermis over the same time period.
Altogether, these results demonstrate that keratinocyticTAF10 is dispensable for keratinocyte proliferation and
differentiation of homeostatic, UV damaged and regenerat-
ing adult skin.
In conclusion, our results show for the first time that a
mammalian TAF differentially regulates the transcription of
given genes (e.g. TGase1, Klf4, Claudin-1 and K6) in
vivo, depending on the cellular contexts. The observed
functional requirements of TAF10 may be explained by
several ways: (i) functional redundancy between TAF10
and another TAF(s) might exist in adult epidermal kera-
tinocytes, but not in the developing epidermis, (ii) given
genes are not activated by the same set of transcription
factors in foetal and in adult keratinocytes, and TAF10
might be only required for the interaction with a factor
expressed during epidermal histogenesis, but not during
adult epidermal homeostasis or (iii) changes in the chro-
matin structure, necessary for PIC formation and conse-
quent transcription, require the presence of TAF10 in
TFIID and/or TFTC complexes in differentiating foetal, but
not in adult keratinocytes.
Interestingly, the transcript levels of TGase1, Klf4 and
Claudin-1 are more than 10-fold higher in the skin of
neonatal than adult wild type mice. Thus, TAF10 might be
required for transcription initiation of highly expressed
genes in neonatal skin, but not for the low levels of
transcription observed for the same genes in adult skin.
Thus, it is conceivable that a fully efficient PIC (containing
TAF10; possibly all the known PIC subunits and many other
coactivators) has to be assembled at the promoters of highly
transcribed genes to ensure high levels of Pol II tran-
scription. In the adult skin, TAF10-lacking PICs, which may
be less efficient in transcription initiation, might assemble
on the promoters of the same genes to give rise to the low
transcript levels sufficient at this stage. We have previously
shown that the integrity of the TFIID complexes is
compromised in mouse F9 cells lacking TAF10 (Mohan et
al., 2003). Thus, in agreement with the above model,
impaired TFIID and/or TFTC complexes in mutant foetal
keratinocytes may be only sufficient for low levels of
transcription, and thus mainly the highly transcribed genes
would be affected. In contrast, TAF10-lacking partially
assembled TFIID and/or TFTC subcomplexes might be
sufficient for the initiation of transcription of genes
expressed at low levels in both foetal and adult keratino-
cytes. A model in which TAF10 would be required at the
promoters of highly transcribed genes would also explain
why TAF10 is an essential gene during very early stages of
embryogenesis (Mohan et al., 2003), since at this stage of
the development many essential zygotic genes are tran-
scribed at a very high level.
Altogether, these data provide new insights into the
temporal requirement of TAFs during mouse skin histo-
genesis and homeostasis, and suggest the formation of
functionally different pre-initiation complexes in terminally
differentiating keratinocytes during the transition from
foetal to post-natal life, and in adults.
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